Background
Introduction
Physical inactivity is associated with many chronic diseases and early deaths. It was estimated to cost international $ 67.5 billion worldwide through health care costs and productivity losses in 2013 (1) . Land use and transportation policies have been recognized as major contributors to physical inactivity around the world. Thus, designing cities to support active transportation is a feasible strategy for enhancing physical activity and population health on a permanent basis (2) .
The recent Lancet series on urban design, transport and health identified eight integrated regional and local interventions to enhance active transportation and reduce private motor vehicle use: destination accessibility, employment distribution, parking policies, pedestrian-and cycling-friendly street networks, residential density, public transportation availability, mixed land use and desirability of active travel modes (3) . Moreover, compact cities that encompass these features experience health gains in terms of diabetes, cardiovascular disease and respiratory disease (4) .
To develop healthy communities and effective environmental interventions for promoting physical activity, it is important to gather robust knowledge of the most essential modifiable factors of the built environment that activate people. During the past 15 years, the environmental determinants of physical activity have been mainly studied in cross-sectional settings. Few longitudinal studies have examined causality (5, 6 ).
The number of longitudinal studies assessing the effect of changes in the built environment on physical activity has multiplied during the last five years. The rapidly growing evidence base regarding the environmental determinants of physical activity must be regularly updated and reviewed with systematic methodology (7) . The objectives of the present systematic literature review were 1) to identify determinants of the built environment associated with physical activity and 2) to evaluate how changes in the built environment are associated with changes in physical activity. 4 
Methods
The review follows the guidelines of the PRISMA statement (8) . The protocol was registered to the international prospective register of systematic reviews (PROSPERO) on 30 January 2016 (registration number: CRD42016033646).
Eligibility criteria
We included studies utilizing longitudinal before-and-after design (i.e., prospective longitudinal cohort studies and natural experiments with at least two data collection points). Still, natural experiments with before-and-after cross-sectional data (with different individuals) were also included. To be eligible, a study had to assess changes in the built environment and physical activity between baseline and follow-up.
Participants representing the general population, without age restriction, were eligible. We excluded studies on institutionalized individuals or on subjects not able to perform habitual physical activities.
A change in the built environment was used as the main exposure. We included both perceived and objective Geographic Information System (GIS)-based measures of the built environment since previous studies have shown discrepancies between their potential effects on physical activity (5) . Of interest were prospective longitudinal cohort studies assessing residential relocation and natural experiments focusing on changes in the built environment. Hence, a change in the built environment had to be assessed in terms of moving from one kind of environment into another or improvements in neighborhood-or town-level infrastructure (i.e., creating new walking or cycling trails). Also, studies in which changes in the built environment were assessed with subjective perceptions and studies that used micro-environment interventions (i.e., park improvements) were included. Studies that measured the built environment inside homes, workplaces or schools or studies that focused solely on neighborhood socioeconomic status were excluded.
We used a change in physical activity as the primary outcome, including self-reported or objectively measured 1) overall physical activity, 2) transportation-related physical activity and 3) leisure time physical activity. For inclusion, we accepted studies using a variety of outcome measures, such as walking, cycling, jogging, exercise, moderate to vigorous physical activity, travel mode, share or number of trips, travel 5 behavior, number of cyclists and number of visitors. We also included studies in which the change in physical activity was reported, even if it was not the primary outcome measure. We included only studies written in English and published in scientific peer-reviewed journals.
Information sources
We searched six electronic databases: Medline, PubMed, Scopus, Web of Science, Transportation Research Information Services and the Active Living Research database. In addition, we screened reference lists from previous reviews and other relevant publications to find additional studies.
The Medline search strategy (see Electronic Supplementary Figure S1 ) was developed in cooperation with a health science librarian using medical subject headings and adapted for other databases using free word searches. Key search terms for physical activity were these: physical activity, active transportation, walking, bicycling, motor activity and exercise. The search terms covered active modes of transportation because physical activity was our main outcome. However, in Medline also transportation was included as a medical subject heading which encompassed active transportation.
For the built environment, the terms included neighborhood, physical environment, built environment, walkability, environment design, environment and cities. For study design, the terms were longitudinal studies, cohort studies, follow-up studies, natural experiments, causality, residential relocation and neighborhood self-selection. The searches were carried out for studies published from each database's inception until 11 December 2015.
The initial literature search produced 4335 articles (Figure 1 ). In addition, we identified 35 publications by screening reference lists from previous reviews and other relevant publications. Based on titles and abstracts, we excluded 4101 studies that were out of this review's scope. Then duplicates were removed. The initial search and title and abstract screening were managed by MK. Full text papers (n = 111) were screened by at least three review authors (MK, TL and either RK or TI) for final inclusion, using a predefined inclusion form containing the eligibility criteria. Disagreements were resolved by discussion. Finally, 51 studies were found to be eligible for this review. The review's authors were not blinded to the studies' authors or institutions.
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Data from all of the included studies (n = 51) were extracted into a predefined data extraction document by MK, with verification by RK, TL and TI, in order to reduce bias and error. Extraction included the following items: methods (objective, study design, outcome measures, covariates, statistical analysis and residential self-selection adjustment); participants (country, setting, population, number, age, gender, subject selection, control group assessment and response rates); exposures (experiment description if applicable, built environment measures and follow-up time and frequency); and main results (changes in physical activity). 
Risk of bias in individual studies
We assessed the risk of bias at the study level with the QualSyst tool developed by the Alberta Heritage Foundation for Medical Research (9) . It was selected because it enabled us to evaluate studies with the two different designs included in the present review. Records excluded (n = 4101): Clearly off-topic, cross-sectional design, physical activity not the main outcome, built environment measured inside home or work place, review
Full-text articles assessed for eligibility
Full-text articles excluded (n = 60) Main reasons: -Change in the built environment not assessed (n = 41) -Cross-sectional design (n = 9) -Built environment measured inside (n = 3) -Built environment measured only in terms of socioeconomic or social environment (n = 3) -Physical activity not the main outcome (n = 2) -Change in physical activity not assessed (n = 1) -Study protocol (n = 1) Studies included in qualitative synthesis (n = 51)
The risk of bias was evaluated with its summary score (range: 0-1), with a higher score indicating better quality. The tool contains 14 criteria, including objective, study design, method of subject/comparison group selection, subject characteristics, intervention allocation, blinding, outcome measure definition, exposure measure definition, sample size, analytic methods, estimate of variance, control for confounding, reporting results and conclusions. All items were scored depending on the degree to which the specific criteria were met ("yes" = 2, "partial" = 1, "no" = 0). Items not applicable to a particular study design were marked "N/A" and excluded from the summary score. We adjusted the tool for the longitudinal study designs included in the review. Hence, follow-up and exposure time to the experiment, sample representativeness over time, response rate and loss to follow-up and residential self-selection adjustments were evaluated as part of the 14 criteria presented before. In terms of natural experiments, we also evaluated use of control groups and their similarity to intervention groups.
To ascertain the validity of the tool, the review authors (MK, RK, TI and TL) independently evaluated five randomly selected research papers (10%) from categories representing two prospective longitudinal cohort studies, two natural experiments and one park improvement study. Disagreements concerning the items and evaluation were resolved by discussion. Based on validation of the tool, MK evaluated the remaining research papers, with verification by the other review authors.
Synthesis of results
We used the association between changes in the built environment and changes in physical activity as the primary measure of effect. To eliminate potential bias due to confounding, only adjusted effect estimates were utilized in the analyses. We chose narrative synthesis as a method due to the heterogeneity of studies and the variety of exposure and outcome measures, which prevented quantitative meta-analysis.
The Figures 2 and 3 displaying the results were prepared according to the number of associations coded as positively significant ("+"), negatively significant ("-") or having no association ("0" transport and leisure time physical activity) as suggested in a recent paper concerning improving current practice in reviews of the built environment and physical activity (7) . All reported associations in the text are statistically significant.
Results

Study characteristics
Of the eligible 51 studies, 20 studies were prospective longitudinal cohort studies, and 31 were natural experiments. The number of individuals followed-up upon in individual studies ranged from 32 to 1,300,000.
Average follow-up time was 3.7 years, ranging from one month to 15 years. The study population consisted of adults in 35 studies, children and adolescents in six studies and elderly people in two studies; eight studies did not use age restrictions. All of the studies were conducted from 2003 to 2015. All were conducted in high-9 income economies (28 in North America, 11 in Europe, nine in Australia, two in Asia and one in New Zealand).
The setting was urban in 38 studies, suburban or rural in six and not stated in seven.
Physical activity was measured objectively (e.g., with accelerometers) in five studies and with systematic observations in nine studies. Self-reported physical activity was used in 34 studies. Three studies used both self-reported and objectively measured physical activity. The built environment was measured objectively (with GIS) in 24 studies, the perceived built environment was used in 10 studies and a combination was used in six studies. Construction of new infrastructure was used as the only measure of the built environment in 11 studies. For comprehensive study characteristics, effect sizes and 95% confidence intervals, see Electronic Supplementary Table S1 .
Quality of the studies included in the review
The mean quality score in prospective longitudinal cohort studies was high (0.87 on average, range: 0.73-1.00). The main sources of bias were related to confounding, measurement and subject selection. Fifty-five percent of the studies used non-validated measures of physical activity or did not use time-varying measures of the built environment. In 40% of the studies, the sample was not population-representative, and there were high rates of loss to follow-up.
In natural experiments, the mean quality score was 0.78 (range: 0.59-0.91). All natural experiments suffered from poor sample representativeness or lack of a control group. Other major methodological limitations were related to confounding (65% of the studies), small sample sizes and response rates (58% of the studies) and short periods of exposure to the experiment (48% of the studies). Quality scores of the individual studies are presented in Electronic Supplementary Table S1 .
Objective built environment measures
The overview of the findings related to the objectively measured built environment and its association with the different physical activity domains is presented in Figure 2 . 
New infrastructure for walking, cycling and public transportation
Of the sixteen natural experiments, a change in infrastructure was associated with increased physical activity in nine studies and decreased physical activity in one study. The average quality of these studies was moderate (quality score 0.78, range: 0.59-0.86). The strongest level of evidence was found for overall and transportation-related physical activity.
The majority of these studies assessed new routes for walking and cycling. Among British adults, living closer to new, high-quality, traffic-free routes for walking and cycling was associated with an increase in these activities by 15.3 min/week and total physical activity by 12.5 min/week for each kilometer closer to the new route a person lived. In addition, walking for transportation increased by 8.8 min (10) . With the same population, the effect of proximity to the new routes on change in time spent walking and cycling was 90%
explained by use of the new infrastructure implying causal inference (11).
Town-level cycling initiatives were associated with an increase from 5.8% to 6.8% in the prevalence of cycling and 1,71% increase in walking to work within 10 years among 1.3 million commuters (12) . The initiatives included cycling to workplaces, schools and colleges, general infrastructure improvements, cycling to stations, and targeting specific neighborhoods or groups. In a US study, constructing a new greenway/trail was associated with on average eight more people walking and cycling in the experimental neighborhood during the two hour data collection period (13) .
A new cycle path was associated with more cycling in the intervention area (24%) compared to control neighborhoods (7%) among Australian adults. The shorter the distance to the new path was, the higher was its use (14) . Similar results were obtained in respect to proximity to a new busway with a parallel path for walking and cycling, which predicted 1.8 times higher likelihood for a large increase in active travel mode share compared to subjects living further away (15) .
Three natural experiments found significant associations between new rail infrastructure and physical activity. In US, a new rail stop was associated with increased bouts of moderate activity and increased time spent in leisure walks (16, 17) . A new railway corridor was also associated with increased overall physical activity among households who valued transit-oriented development (18) .
Moreover, 19 percentage point increase in transportation walking and 11 percentage point increase in transport cycling were found among children after providing bike parking infrastructure (19) . There were also some contradictory findings related to new infrastructure. Installation of a new multi-use trail was associated with a decreased amount of walking and total activity (β = -0.26) in all other age groups except for adults, who increased their total physical activity (20) .
Accessibility
Overall, improved accessibility was associated with increased physical activity in eight and decreased physical activity in one study. Accessibility was assessed according to number of destinations, land use mix, public transit availability, sport facility availability or distance to parks. The average quality score of the studies in this category was high (0.87, range: 0.68 -1).
Increases in both social and walking destinations were associated with enhanced transportation walking by 3.53 and 3.33 min/week, respectively (21) , and one unit increase in the number of daily destinations with 0.37 unit increase in overall physical activity among females (22) . Among Australian adults, each objectively measured transportation-related destination was associated with an increase in walking for transportation by 5.8 min/week and each recreational destination with an increase in recreational walking by 17.6 min/week after relocation to a new housing development designed according to the Livable Neighborhoods Guidelines (23, 24) . Among the same study population, an increase in the total number of destinations and land use mix were related to more walking for transportation (25) . Participants with access to more destinations types had 1.4 times higher odds for increased transport walking compared to those with poorer access. In terms of land use mix the odds were 1.33 times higher for participants with more diverse environment (25) .
In US, moving to a new urbanist community predicted over 4000 fewer steps per day among women along with an increased land use mix (26) . A greater increase in recreational facility density was associated with a less pronounced decline in recreational physical activity over time by 10.3 MET minutes/week (27) ; however, 13 pay facility availability was associated with increased bouts of moderate to vigorous physical activity in male and public facility availability in female movers with relatively small effect sizes (0.024% and 0.053%, respectively) (28) . In China, greater exposure to recreational areas on campus was associated with increased walking distances (β = 0.147) among university students (29) . In Finland, moving to an area with poor access to sport facilities was associated with 2.35 times higher odds to decreased overall physical activity compared to non-movers (30) .
Better public transit availability assessed according to the number and distance to transit stops was associated with increased transportation-related walking in three studies, odds ratios ranging from 1.44 to 2.33 compared to participants with poorer access (25, 31, 32) .
Park and playground improvements
Seven natural experiments assessed park and playground upgrades which included signage, promotional incentives, outreach and support for group activities, recreational areas, walking paths, play equipment, seating, safety surfacing and waste facilities. Park and playground improvements were associated with higher physical activity in five studies and the average quality of these studies was moderate (0.74, range: 0.65-
0.81).
A new recreational park was associated with a three-fold increase in energy expended within the park boundaries and an increase in the total number of people observed using it (33) . An increase of 7 to 12% in park use and an increase in energy expenditure of 610 MET-hours were found in another study after providing incentives and consultancy for marketing and outreach, and modifications or upgrades in facilities (34) . New equipment, landscaping and ground surfaces were also associated with increases in park use (β = 233.1) and in MET-hours expended (β = 254.8) (35).
Significant renovations in park playfields in the US were associated with a five-fold increase in sedentary visitors, a three-fold increase in moderately active visitors and a two-fold increase in vigorously active visitors (36) . After manipulating seating in a park playground, greater MET intensities were found when seating was 14 not accessible (37) . Following the intervention the odds for adults standing and being engaged in moderate to vigorous physical activity were 9.4 and 4.1, respectively when compared to sitting.
Street network characteristics
Improved street connectivity was associated with increased physical activity in five studies and decreased physical activity in two studies. On average, the quality of these studies was high (0.87, range: 0.68-0.95).
A recent study from the US revealed positive association between change in the network ratio of street connectivity and an increase in transportation walking by 1.81 min/week (21) whereas, in another study, the association was dependent on the urbanicity level categorized in tertiles based on Census tract-level population density (low, middle and high) (38) . In low urbanicity areas, intersection density was positively associated with walking, bicycling and jogging (β = 1 -1.3) while, in high density areas, both local road density and proportion of local roads had an inverse association with walking, biking and jogging frequencies in women (β = -1.3 --1.4).
Moving to an area with fewer cul-de-sacs was associated with 757 more daily steps in American women (26) .
Increased exposure to pedestrian network intersections was associated with increased walking distance (β = 0.895) and walking ratio (β = 0.408) among Chinese university students (29) . Two Australian studies revealed that relocation to a new, livable housing development with higher street connectivity was associated with 1.13 time higher odds for increased transportation-related walking and 1.2 times higher odds for taking up recreational cycling (25, 39) . Among Danish males, increased intersection density had a negative association with overall physical activity (β = -35.47) (22).
Density
Overall, four studies showed that higher population density was associated with more physical activity. The average quality of the studies was moderate (0.79, range: 0.68-0.86).
Higher housing density was associated with 2.72 times higher odds for increased utilitarian and 1.28 times higher odds for increased exercise walking compared to the least-dense areas among women (31) . Moreover, women who moved to less-dense neighborhoods were 36% more likely to report decreased levels of utilitarian walking. An increase in population density was also associated with 3.8% increase in walking trips (32) and 1.54 higher odds to uptake transportation-related cycling (39) . Higher population density was also related to increases in walking distance (β = 0.187) and walking altitude range (β = 0.996) (29) .
Aggregate walkability measures
Higher walkability was associated with increased physical activity in three high quality studies (average quality score = 0.91, range: 0.86-0.95).
Two studies from North America assessed walkability with Walk Score which measures distances to different amenities. In a US study, moving to a location with ten-unit higher Walk Score was associated with an increase in transportation walking by 16.04 min/week (40) . Among Canadian adults, moving from low to highly walkable neighborhoods (i.e. neighborhoods with two or three Walk Score quartile difference) increased the odds of utilitarian walking by 59% compared to moving to a neighborhood with the same walkability level (41) . In young Danish women, an increase in the movability index was associated with an increase in overall physical activity (β = 10.15) (22) . The movability index combined residential density, recreational facility area, density of daily destinations, and street connectivity.
Perceived built environment measures
An overview of the findings related to the perceived built environment measures and their association with the different domains of physical activity is presented in Figure 3 . 
Accessibility
Better perceived access to destinations was associated with increased physical activity in two high quality studies (average quality score = 0.89, range: 0.86-0.91).
Increased perceived access to parks (OR = 2.60) and recreation destinations (OR = 1.57) were associated with an increase in transportation-related cycling after relocation to a new livable housing development among Australian adults (39) . Also, among the same study population, the odds for transportation related walking were 3.11 times higher for participants who perceived higher number of destinations, 1.27 times higher for those living in environments with better land use mix and 1.80 times higher for those with access to a railway station in their neighborhood (25) . An increase in perceived number of neighborhood sport facilities was associated with increased weekly frequency of leisure time moderate to vigorous physical activity (β = 1.07) among adolescent students who engaged in leisure-time physical activity more than three times a week at baseline (43) .
Aesthetics
A higher sense of aesthetics was associated with improved physical activity in all of the four studies that assessed the pleasantness and positive features of neighborhoods. The average quality score for these studies was moderate (0.79, range: 0.73-0.82).
Men who increased their perception of aesthetics of the neighborhood were 2.25 times more likely to increase in overall walking compared to those who did not change their perception (42) . Another study revealed that each additional neighborhood feature perceived to have changed favorably was associated with increased walking for transportation by 3.0 min/week and increased recreational walking by 2.2 min/week (24) . According to a UK study, perceiving one's commuting route as less pleasant to walk was associated with less time spent walking while commuting (β = -11.94) (44) . Austrian women who reported poor health and found their neighborhoods unattractive had 2.7 times greater likelihood to regress from regular running than women who perceived their neighborhoods as attractive (45) .
Safety
Perceived neighborhood safety was associated with increased physical activity in one study, and traffic and crime related unsafety with decreased physical activity in three studies. The average quality of these studies was moderate (0.80, range: 0.77-0.86).
Changes in parents' perceptions of neighborhood safety from "very safe" to "somewhat or not at all safe" was associated with 0.13 fewer weekly days of vigorous physical activity among American children (46) . If traffic was not perceived as a problem, men appeared to walk less (OR = 0.40) but women more (OR = 1.76) (42) . In another study, each one level increase in fear of crime on a five point Likert-scale was associated with reduced total walking by 22 mean minutes/week and reduced recreational walking by 13 mean 18 minutes/week within the neighborhood (47) . In addition, the use of new routes for walking and cycling predicted 1.31 higher odds for improved perceptions of safety in the UK (11) .
Convenience
An Australian study with a moderate quality score (0.77) found that if participants perceived greater convenience of walking opportunities in their neighborhood they were twice as likely to increase walking (42) .
Other effects of changes in the built environment
Town level initiatives to enhance cycling were associated with 0.32 percentage point increase in the use of public transportation and three percentage point decrease in the prevalence of driving to work (12) . New rail stops were associated with decreased car rides (β = 6.44) among new users of public transportation (16) and new railway corridors with reduced driving among households who valued transit-oriented development features (18) .
New busways with parallel paths for walking and cycling were associated with over 30% decrease in trips made by car (15) . A US study showed that increased neighborhood accessibility was associated with reduced vehicle (β = -5.76) and person miles travelled (β = -6.79) and number of trips per tour (β = -0.19) but increased number of tours (β = 0.26) (49). In the same study, increased regional and workplace accessibility was related to reduced driving (49) .
A study from the UK revealed multiple associations related to perceived changes in commuting route and travel mode (44) . More convenient public transportation was associated with using other methods of commuting than private cars (OR = 3.31). If the route was perceived to become less pleasant to walk or more dangerous when cycling or crossing roads, driving increased (β = 5.22 -7.57). If the route was perceived as less dangerous to cycle, cars were used less for commuting (OR = 3.70). In another study, a new dedicated bike lane was associated with a 57% increase in the number of cyclists (50) . A new bike lane was also associated with an increase in the average number of cyclists from 79.2 to 257.1 on an intervention street whereas on the adjacent control streets the number of cyclists decreased from 54.4 to 36.3 (51) .
Discussion
Summary of evidence
This extensive systematic review aimed to identify the determinants of the built environment associated with physical activity and to evaluate how changes in the built environment are associated with changes in physical activity. This is the first review with focus on studies using longitudinal design i.e. prospective longitudinal cohort studies and natural experiments, which implies the highest level of evidence to date about this topic. Moreover, the analysis was stratified based on different domains of physical activity, which should strengthen the evidence base. The high-quality evidence showed that changes in the built environment were associated with increased transportation-related and overall physical activity.
A considerable number of studies indicated that creating new infrastructure for walking, cycling and public transportation were related to increased physical activity. The findings were most consistent for transportation-related and overall physical activity, which were especially associated with the creation of new trails for walking and cycling. In addition to increased physical activity, new infrastructure for walking, cycling and public transportation was associated with decreased use of private cars in four studies (12, 15, 16, 18) .
The findings from the natural experiments are promising in terms of increasing physical activity and reducing the use of private motor vehicles by making the built environment more supportive for walking, cycling and public transportation. This would imply that behavior is responsive to changes in the built environment and demand for active transportation can be induced, which would have direct implications for greater investments into high quality infrastructure for these active modes of transportation in order to make the modal shift from private motor vehicles possible. However, many of the natural experiments suffered from methodological weaknesses, so the results must be interpreted with caution.
A higher objectively measured accessibility was associated with increased transportation-related and overall physical activity in high quality studies. In terms of transportation-related physical activity, the results originated from four study populations, and all showed positive association (21, 24, 25, 31, 32) . The strongest 20 evidence was found for the number of destinations with four positive associations indicating an increase from 3.3 to 17.6 min/week or showing 1.4 times higher odds for increased physical activity. A higher land use mix also increased walking in two studies. In addition, availability of public transportation was associated with increased transportation walking in three studies. Regarding overall physical activity, majority of the studies showed positive association (22, 26, 29, 30) . The findings provide implications for zoning policy and support the creation of compact and diverse residential areas where housing is mixed with commercial, public and recreational destinations and the circumstances for daily living are located within walking and cycling distance.
For objectively measured street network connectivity and population density, the evidence was more mixed and was limited to the few studies assessing these features. Higher street connectivity was associated with increased overall physical activity in three studies (26, 29, 38) and transportation-related physical activity in two studies (21, 25) , but there were also two negative and several null associations. Increased population density was positively associated with increased transportation-related physical activity in three out of four studies (31, 32, 39) .
Also, few longitudinal studies have evaluated aggregated walkability measures and their association to physical activity. Three high quality studies indicated that improved walkability is related to higher physical activity (22, 40, 41) . Based on the studies included in the present review, park and playground improvements seem to be a feasible strategy to enhance overall physical activity. However, these studies suffered from methodological weaknesses which render it difficult to evaluate the true impact on physical activity.
In terms of the perceived built environment measures, four studies showed positive associations between pleasantness and positive neighborhood features and physical activity (24, 42, 44, 45) . Also, environments considered safe were associated with more overall physical activity and leisure time physical activity in four studies (11, 42, 46, 47) . The perceived number of destinations and public transit availability were associated with transportation-related physical activity in the RESIDential Environment Study (RESIDE) in Australia.
Because the five positive associations were observed only in two studies (25, 39) within the same study population, general conclusions cannot be drawn about perceived accessibility. Overall, ten studies did not find significant associations between changes in the built environment and changes in physical activity (56) (57) (58) (59) (60) (61) (62) (63) (64) (65) .
Physical activity occurs in multiple domains and ecological models emphasize domain-specific and context specific environmental influences which should be conceptually matched (7) . This review showed that increase in overall physical activity was mostly associated with creation of new infrastructure for walking, cycling and public transportation; park and playground improvements; and objectively measured accessibility. Only few studies assessed changes in perceived built environment measures and their association with changes in overall physical activity. Two out of three studies indicated that environments considered more unsafe were associated with declined overall physical activity. In terms of transportation related physical activity, the review showed that improved objectively measured accessibility and new infrastructure for walking, cycling and public transportation were associated with increased physical activity.
Moreover, improved perception of aesthetics was associated with transportation related physical activity in two out of three studies. In terms of leisure-time physical activity, no uniform associations were found.
Thus far, the studies concerning longitudinal association between the built environment and physical activity have suggested that street and pedestrian connectivity, land use and destination mix, and overall neighborhood design are important factors for supporting physical activity among adults (6) . However, the majority of this evidence originated from cross-sectional studies that adjusted for neighborhood selfselection. Previous evidence from cross-sectional studies also indicate that high population density is correlated with increased physical activity (6, 54) . This is also considered a prerequisite for creating neighborhoods where housing is mixed with commercial and recreational destinations and where public transit is easily accessible (3). Moreover, a study that compared 11 countries revealed a correlation between aesthetics and safety with moderate to vigorous physical activity (55) .
The findings related to objectively measured accessibility are in line with previous cross-sectional evidence suggesting that mixed land use and accessibility of different types of destinations and public transit 22 contribute to population-level transportation-related physical activity in urban settings among adults (52, 53) .
The results of the present review show that land use and destination mix can result in increased transportation-related and overall physical activity. Moreover, we found some evidence that perceived aesthetics and safety can affect physical activity. In terms of objectively measured street connectivity, population density and other perceived built environment measures, no valid conclusions could be drawn due to the limited number of studies.
Regarding the quality of the examined research, the risk of bias was lower in prospective longitudinal cohort studies compared to natural experiments. Also, a recent review concerning the risk of bias in natural experiments concluded that they suffer from methodological limitations in a number of key bias domains (70) . In terms of natural experiments, the use of control groups, longer follow-up and exposure times as well as more advanced methods for assessing the exposure to the experiment are needed to detect the true effects on behavior. Moreover, only five studies used objectively measured physical activity as the main outcome and the recall bias is a common problem with self-reported physical activity measures. There were 22 studies with a quality score of 0.85 or above. Also, within these high-quality studies, the results reflect that new infrastructure for walking, cycling and public transportation is associated with increased overall physical activity and transportation-related physical activity and that accessibility is associated with transportation-related physical activity.
The research field is evolving rapidly, particularly in terms of more advanced study designs. However, longitudinal studies and natural experiments are not free from confounding. True experimental studies assessing changes in the built environment and their effect on physical activity will most likely never be feasible, so the methodology of observational studies and natural experiments needs to be enhanced.
It is essential to adjust for people's reasons for selecting a specific place to live and their general attitudes towards active transportation, a topic that has been broadly discussed elsewhere (66) (67) (68) . Residential mobility and motivations for changing residences have been shown to involve a complex interplay between age, family status and timing of life events (69) . They primarily emanate from factors related to quality of life, such as improved housing, neighborhoods, commuting and health benefits, and in addition, family reasons are important for choosing a specific place to live (69) .
An individual might, for example, choose a place of residence in a car-dominant neighborhood based on the area's affordable housing. Even in this case, physical activity might actually increase due to longer distances to amenities if attitudes towards active transportation are positive. In the present review, the majority (80%) of the studies did not adjust for residential self-selection. Some used fixed effects models to adjust for unmeasured within-person confounders that are stable over time. Still, the possibility remains that, for example, people's attitudes might change during the follow-up.
Recently, an international comparative study revealed that, among adults, living in an activity-friendly neighborhood was associated with 68 to 89 min more physical activity than living in a non-activity-friendly neighborhood (54) . The findings were generally similar across diverse cities in different countries, which would imply that physical activity can be increased in different settings with similar built environment characteristics. Only a few longitudinal studies focused on different settings (such as rural and sparsely populated areas) or on low-income countries, which are recommended areas of research for future longitudinal studies. More research on different age groups is required to make stratification possible. Thus far, mostly adults have been studied. Further studies on perceived measures of the built environment as determinants of physical activity are also needed.
Strengths and limitations of the review
The present review has multiple strengths. We conducted an extensive search of publications from six databases and evaluated the quality of the evidence. We assessed the primary measure of effects according to changes in the built environment and their association with changes in physical activity. Moreover, we were able to stratify the analysis according to the domain of physical activity and the built environment measurement type.
The review also has limitations. We focused solely on peer-reviewed publications and did not conduct a search for grey literature, which might introduce publication bias. Age stratification was not feasible because 24 the population of most of the studies consisted of adults. Most studies were also conducted in urban settings and in high-income countries. Hence, the applicability of the results to different populations or settings is somewhat limited. Furthermore, the heterogeneity of the studies and the diversity of outcome and exposure measures prevented us from conducting a meta-analysis. We extracted the statistically significant associations from original studies using the most adjusted model. An alternative would have been to use the results with minimum adjustments to make the effect sizes of different studies more comparable. Since we
were not able to conduct a quantitative meta-analysis, we expect that the use of the most adjusted models will not bias our results. In addition, the built environment categories used to derive the results are potentially heterogeneous, and the different exposure measures included in those might be defined conceptually and computationally in different ways.
Conclusions
The findings from this review support the hypothesis that urban and transport planning have an effect on physical activity of the citizens. The review showed that improved objectively measured accessibility assessed with the number of different type of destinations, access to public transportation, and land use mix was associated with increased transportation related physical activity. The evidence also suggests that transportation-related and overall physical activity could be increased and the use of private motor vehicles reduced by creating new infrastructure for walking, cycling and public transportation.
The results provided support for the benefits of designing activity-friendly and health-enhancing cities and living environments. The findings have implications for zoning policy and support the creation of compact and diverse residential areas where housing is mixed with commercial, public and recreational destinations in order to enhance everyday physical activity. Moreover, investments into infrastructure for active modes of transportation could reinforce the modal shift from private motor vehicles into walking, cycling and public transportation. Further studies with more rigorous study designs assessing changes in the built environment and their effects on physical activity are warranted to ascertain causalities and to assess the effects of other factors of the built environment. 
